We review nesting sea duck population declines in Alaska during recent decades and explore the possibility that contaminants may be implicated. Aerial surveys of the surf scoter (Melanitta perspicillata), white-winged scoter (M. fusca), black scoter (M. nigra), oldsquaw (Clangula hyemalis), spectacled eider (Somateria fischeri), and Steller's eider (Polysticta stelleri) show long-term breeding population declines, especially the latter three species. The spectacled eider was recently classified threatened under the Endangered Species Act. In addition, three other diving ducks, which commonly winter in coastal areas, have declined from unknown causes. Large die-offs of all three species of scoters during molt, a period of high energy demand, were documented in August 1990August , 1991August , and 1992 at coastal reefs in southeastern Alaska. There was no evidence of infectious diseases in those scoters. The die-offs may or may not be associated with the long-term declines. Many scoters had elevated renal concentrations of cadmium (high of 375 pg/g dry weight [dw]). Effects of cadmium in sea ducks are not well understood. Selenium concentrations in livers of nesting white-winged scoters were high; however, the eggs they laid contained less selenium than expected based on relationships for freshwater bird species. Histological evaluation found a high prevalence of hepatocellular vacuolation (49%), a degenerative change frequently associated with sublethal toxic insult. Cadmium and selenium mean liver concentrations were generally higher in those birds with more severe vacuolation; however, relationships were not statistically significant. We do not know if sea duck population declines are related to metals or other contaminants.
Introduction
Contamination of the environment with organic pollutants and metals is worldwide; however, only limited information is available on the relationship between contaminants and effects on individual animals or animal populations, especially for the arctic. Changes in population size, age and sex composition, and reproductive success should be monitored to provide baseline data against which to evaluate possible impacts on populations caused by contaminants (1) . The sea ducks discussed in this report have all experienced serious population declines in Alaska and perhaps elsewhere during the last several decades; the cause is unknown. The locations of sites discussed in Alaska are shown in Figure 1 .
Surf scoters wintering in Oregon and Washington in 1984 to 1985, which perhaps nest in Alaska, contained elevated concentrations of cadmium (2) . Surf scoter body weights in late January were negatively correlated with cadmium concentrations, and this initially focused our attention on cadmium. Sublethal effects of cadmium toxicity include growth retardation, anemia, testicular damage, hypertrophy of the heart, and renal dysfunction (3) . Organic compounds received less attention in this evaluation because in 1992, 19 addled spectacled eider eggs from the Yukon Delta, Alaska, showed organochlorine pesticides (<0.05 pg/g dry weight Benthic feeding surf scoters eat bivalves along with gastropods and crustaceans, some plants, algae, insects, polychaetes, and fish. This diet is similar to that of the benthic feeding spectacled eider which was recently classified as a threatened species by the United States Fish and Wildlife Service (USFWS) throughout its range in Alaska and Russia (4) . About 50 ,000 pairs of spectacled eider, half the estimated world population, nested on the YukonKuskokwim Delta in 1971; in 1992, the population was estimated at 1721 pairs (5) . The Steller's eider shares the same breeding range as the spectacled eider (Alaska and Russia), is also declining in Alaska and is a candidate for endangered species status. Possible reasons for the eider declines, in addition to contaminants, include parasites and disease, subsistence harvest, predation during broodrearing, habitat change, and alteration of Bering Sea food resources (5, 6) .
The purpose of this paper is to a) review the status of breeding populations of scoters, eiders, and oldsquaws in Alaska and document the large die-offs of scoters at coastal areas during molt; b) evaluate the 
Materials and Methods
The USFWS has studied waterfowl populations throughout much of North America using strip transect aerial surveys since 1955 (7, 8) Analyses of water and sediment indicate the extent of metal contamination, but reveal little about the bioavailability of metals to biota. Quantification of metal concentrations in indigenous relatively sessile, benthic organisms such as mussels, can be used to assess the bioavailability of metals (10) . Mussels become particularly meaningful when they form a substantial portion of the diet of the species of interest, which they do for scoters (2,11). Blue mussels (Mytilus trossulus) were collected at five sites between Cordova and Yakutat, Alaska, in 1992 where scoters were dying during the molt. Usually three pools of mussels varying from 19 to 33 individuals each were analyzed for residues (without the shell), since shells contain very low cadmium concentrations (12) .
We collected (shot) 37 Three-to 4-millimeter cross-sections of kidney and testes, and similar sections through the liver lobe, were preserved in Bouin's solution (accessions 1-7) or 10% buffered neutral formalin (accessions Seven emaciated carcasses were collected for necropsy. No gross lesions or evidence of infectious diseases were found. Bacterial and viral isolations from multiple tissues were negative. Cape Yakataga is a reef area that seems to attract molting scoters in August, perhaps because scoter prey (mussels, clams, crustaceans, etc.) associate with rocky outcroppings.
Scoters again were reported dead and dying on 7 August 1991 at Cape Yakataga. Tim Bowman, a USFWS wildlife biologist, Cordova, found 100 dead scoters and another 100 obviously weak scoters near shore. All were molting and flightless, and all scoters had died within the previous 2 days. About 90% were white-winged scoters and 10% were black scoters. Several hundred scoters were alive and apparently healthy offshore at the Cape 
Metals Accumulation in Sea Ducks and Prey
Molting Scoters from Southeast Alaska. Scoters found moribund or dead in southeastern Alaska in 1990, 1991, and 1992 were analyzed for a series of metals ( Table  1) . Most of these scoters were molting in late summer at reef areas associated with Capes and died shortly after their arrival. Cadmium concentrations were especially high in kidneys from Cape Suckling scoters in 1991.
Mussels from Southeast Alaska. Mussels, prey species for scoters, were analyzed from the region of the August die-offs (between Cordova and Yakatat, Alaska) as were mussels and whelks from Oregon in 1992 (Table 2) . Geometric mean cadmium concentrations (whole body, without shell) of blue mussels (Mytilus trossulus) in this study were 2.5 to 5.9 pg/g dw. M. trossulus collected at Cape Yakataga in 1975 (15) had nearly identical concentrations of cadmium as in 1992 (5 pg/g vs 5.9 pg/g). Whelks (Nucella emarginata) from Waldport Bay, Oregon, contained five times more cadmium than mussels at the same site. The whelks analyzed included mostly foot rather than whole body, but Streit and Winter (16) reported in Anodonta anatina that the lowest concentrations were found in the foot, gut/gonad complex, and muscle tissue, which would tend to minimize the real species difference.
Nesting Scoters from Interior Alaska. Thirty-seven nesting white-winged scoters collected on the Yukon Flats NWR in early June 1993 were analyzed for a series of metals (Table 3 where soil acidification has occurred. In addition, acidification increases concentrations of cadmium in surface waters (20) . Cadmium enrichment of food chains caused by acid rain may be important in portions of the arctic. Like Norheim (17) for seabirds, Gamberg and Scheuhammer (19) did not know whether the cadmium was primarily of natural origin in the terrestrial arctic ecosystem or whether it was mainly from atmospheric deposition. Increased cadmium in remote ice fields seems to coincide with human industrialization (21, 22) . Cadmium in wheat samples from 1972 was found to be twice that reported in samples from 1916 at the same location near Uppsala, Sweden (23 No HYs were collected at the third site in January. Thus, it is important to recognize that cadmium was accumulated by HY surf scoters at a rate of about 1.4 pg/g per month on the wintering grounds. The maximum longevity for surf scoters is unknown, but for the similar-sized whitewinged scoter, it is 15 years 7 months (27) , and cadmium is generally believed to accumulate throughout life (28) . However, cadmium did not increase in the liver or kidney tissue of herring gulls (Larus argentatus) between 4 and 11 years of age (29 pg/g (31) . Oldsquaws from Sweden contained even higher median levels of cadmium in kidneys (est. 41 .4 pg/g dw, max. 90 pg/g) than eiders (32) .
Residue concentrations of cadmium in eiders from Alaska were similar to those in scoters (Table 1) ; however, common eiders from Europe seemed to contain slightly lower concentrations. Common eiders were recommended for biomonitoring cadmium in the aquatic environments of Sweden and the Netherlands (30, 32) .
Interpretation ofMetals Concentrations
Nicholson et al. (33) studied seabirds at St. Kilda with mean cadmium kidney concentrations of 100 to 200 pg/g dw and mean mercury concentrations of 5 to 13 pg/g dw and concluded that cadmium concentrations at which damage began and at which biochemical changes could be detected were below those presently considered relatively safe for humans (200 pg/g wet weight [ww] renal cortex, i.e., >600 pg/g dw). In humans, cadmium is stored mainly in the renal cortex, the metal level of which is about twice as high as the medulla (34 Foulkes (37) points out that the rate at which cadmium can be sequestered in the presumably inert metallothionein complex depends upon the rate of cadmium uptake by the kidney and the net rate of renal metallothionein synthesis. It is likely, a priori, that following acute exposure to cadmium, a higher fraction of tissue cadmium will be present in nonmetallothionein and therefore probably a more toxic form than is the case after more chronic low-level exposure. Cadmium-induced metallothionein has been shown to bind not only cadmium, but also copper and zinc, which can lead to increased concentrations of these metals in kidney and liver tissue (38) (39) (40) (42) . But perhaps more important is the altered avoidance behavior in the form of hyperresponsiveness observed in young black ducks (Anas rubripes) produced from parents fed only 4 pg/g dietary cadmium for about 4 months before egg laying (43). Most mussels collected in coastal Alaska and Oregon contained at least 4 pg/g cadmium ( Table 2) . Cadmium mainly accumulates in soft body parts of mussels by means of metallothioneins, and excretion appears to be very slow in contrast to that of other metals (44) . The (54) and, as mentioned earlier, higher concentrations of selenium are also needed to reduce hatching success.
At the present stage of our investigations, we have not found evidence of cadmium, selenium, or mercury adversely impacting the sea duck populations in Alaska. We believe these contaminants were the most logical to evaluate first. Also, limited evidence (spectacled eider eggs) suggests that organochlorine pesticides and PCB concentrations were low. The need to further evaluate organochlorine pesticides and PCBs for the other sea duck species (except eider) still exist because they winter in bays and estuaries south of Alaska where these contaminants 0.54d Minimum sample size required was >5. "Data from Kesterson NWR (51, 52) and Carson Lake, Nevada (53) .bLate laid eggs (best match with late collected birds). cEstimated selenium in eggs based on liverxO.54. dMean ratio of egg to liver concentration. persist at higher concentrations. The eiders, with very low organochlorine pesticides and PCBs, do not migrate south of Alaska. Although all sea ducks generally feed on benthic organisms, the timing and magnitude of population declines suggest that the cause of decline is not the same for all species. Sea ducks in general, and scoters in particular, are the least understood waterfowl in North America. Little biological and ecological research has been conducted on these species. For example, we do not know if the nesting and molting scoter populations we sampled are the same population. To our knowledge, only one detailed nesting study of scoters has been conducted in North America (55) . Nesting is generally considered one of the weakest links in the life cycle, especially with regard to contaminant effects. There are potentially many critical points and environmental exposures in the life history of sea duck species. Because of this lack of information on these species, particularly movement and migration patterns, we believe the next step is to focus on a more complete understanding of their ecology. Such information will help identify critical life stages and potentially harmful environmental exposures and will allow us to generate testable hypotheses regarding population declines.
We know that many of the sea duck species are declining, especially spectacled and Steller's eiders. The USFWS has stewardship responsibilities for these species in the United States. Additional biological, ecological, and contaminant research is required for the service to effectively discharge those responsibilities.
